Abstract. At the current stage of vegetation ecology development as a science it has not been reached consensus between the competing theories trying to explain vegetation pattern emerging under the influence of underlying environmental gradients. It is still not clear what is the response of different plant species towards the influence of complex gradients? This study tries to revise some classical and temporary hypotheses concerning species response surface/curve shape along environmental gradientswhether it is symmetric (Gaussian) or with other shape. It also attempts to check if species modes along complex gradients are distributed randomly, uniformly or they are clumped, as well as to inspect the species mode distribution among species importance value octaves -whether it is lognormal or lograndom. Field samples were gathered using gradsect method for laying down sampling plots. Obtained data were analyzed in the context of four complex gradients -elevation, habitat dryness, slope inclination and slope convexity. CCA ordination, GAM and LOEES regression and nonparametric correlation were used as analyzing tools. We have found that species response surface/curves do not have symmetric shape but rather they show asymmetric and complex forms. Mode distribution of dominant tree and shrub species was random but that of herbs followed clumped pattern. When species mode distribution was divided into octaves, trees and shrubs showed lograndom distribution but all species together had lognormal one. Herbs alone do not conform to neither lognormal nor lograndom distributional patter. It seems that each species has its own response shape towards the environment, determined by its physiology, interaction with other species and historical events. It is hoped that the current study will add a little drop to the vast ocean of vegetation ecology knowledge helping with the clarification of the basic understanding of the vegetation pattern.
Introduction
At the current stage of vegetation ecology development as a science it has not been reached consensus between the competing theories trying to explain vegetation pattern emerging under the influence of underlying environmental gradients (Austin, 2005) . There have been different concepts, starting with the F. Clements's "super organismic" hypothesis (Clements, 1936 ) standing on the one end of the spectrum and reaching the other end with the "individualistic paradigm" of H. A. Gleeson (Gleason, 1926) . Another popular theory is based on the concept of the ecological niche and the equal partitioning of resource gradients between the plant species (Ter Braak and Prentice, 1988). According to a third paradigm, each plant layer shares the environmental resources independently, and also, resource sharing between the dominant and rare plant species is independent (Gauch and Whittaker, 1972) . Still another hypothesis holds that the reaction of plant species to the environmental gradients changes according to their position along the corresponding gradient (Austin, 1999) .
Using a simulation of species population distribution along the environmental gradients, Gauch and Whittaker (1972) raised several hypothesis trying to clarify plant species response to the complex environmental gradients: 1) species "importances" along the cenocline forms approximately normal (Gaussian) curves; 2) "minor" species modes are distributed along the complex gradients randomly, but the modes of dominant species are dispersed uniformly, so that the competition between them to be minimized; 3) when the modes of the tree species are grouped along the environmental gradients in octaves (classes), then the number of species in the classes is approximately equal, implying lograndom distribution; 4) when modes of forest herbs and shrubs are grouped by octaves, the number of species in octaves is uneven, suggesting lognormal distribution. Later, other authors (Austin, 1980; Austin, 1985; Austin, 1987 Recently, predictive modelling of species distribution has become a powerful tool in tackling different problems in the vegetation ecology, biogeography, evolutionary biology, as well as in the conservation biology and global climate change studies (Guisan and Thuiller, 2005) . Species spatial distribution models are empirical models, connecting field observations with the predictive environmental variables, based on statistically or theoretically obtained species response surfaces (Guisan and Zimmermann, 2000) . Species data can be qualitative, i.e. presence/absence, or quantitative, resulting from random or stratified field sampling (Guisan and Thuiller, 2005) .
It is well known that the dominant species in a given vegetation express it structure and composition best, therefore they became principal object of the vegetation-environment relationship analyses. Dominant plants determine, to a greater extent, the conditions for the existence of other plant species. They also characterize the different vegetation types and indicate the habitat conditions in the places where are found. Because of this they can be the key for understanding vegetation pattern (Whittaker, 1956 ).
Using contemporary methods for ordination, correlation and regression analyses of plant species distribution this study attempts to test some of the classic and modern hypotheses, concerning vegetation structure and composition. We go further and test species mode distribution along environmental gradients for negative binomial distribution, implying that plant species have clumped patterns (Krebs, 1999) . For the successful application of the referred methods it is obligatory that the analyzed plant species can be found in greatest number of samples. This is the reason why in the current study we have used only the dominant plant species found in the studied area.
It is worth mentioning also that the current research is not based on a priori assumption for the existence of presumed plant associations but on the analysis of the obtained samples in the context of underlying environmental gradients. We adhere to the understanding that the adequacy of vegetation description is founded upon the studying of species population, dispersed along the environmental gradients, which offers the opportunity to test the already mentioned hypotheses.
Material and methods

Study area
The study site, called Vitosha Mountain, is located in Western Bulgaria. It is characterized with compactness and well expressed elevation gradient. The mountain has steep slopes and variable expositions. Its vegetation has variable species composition. The current study embraced the south slope of the mountain. GPS coordinates of that territory are between N42°32' E23°09' and N42°26' E23°21'. The area covers 118 km 2 . For details about the studied area refer to Dyakov (2012), Dyakov (2013), Dyakov (2014) .
Sampling
Sampling strategy was based on gradsect method of Austin and Heyligers (1990) . Its advantages are: 1) relatively cheap, 2) highly effective, 3) easy to apply on the field but requiring experienced workers. During the summers of 2008 and 2009, generally 159 (0.1 ha) samples were taken. The gradsect method's design ensures that the gathered samples encompass the greatest variety of environmental condition (elevations, slopes, aspects, topographies) throughout the studied territory, covering greatest portion of the realized niche space of most plant species in the area. Species Importance Value (Curtis, 1959) , used in all analyses, was calculated as mean value of species' density, cover and frequency. It is popular measure of species significance in the sampled vegetation (van der Maarel and Franklin, 2012) because it combines important aspects of species' quantitative occurrence. Detailed information on the field techniques can be found in previous papers (Dyakov, 2012; Dyakov, 2013; Dyakov, 2014; Dyakov and Zhelev, 2013) .
Quantifying the environmental gradients
Four indirect or factor-complex (Whittaker, 1978) environmental gradients were usedelevation, habitat dryness, slope inclination and slope convexity. According to Austin and Smith (1989) and Austin (2005) , indirect gradients influence direct gradients, such as temperature and rainfall, which in turn have direct effect on plant growth. On a local scale, however, the authors recommend measuring and using indirect gradients because they have much more meaningful influence on vegetation pattern and processes. Elevation and slope inclination variables were input to the analyses with their direct measurements in meters above sea level and degrees, respectively. Habitat dryness and slope topography were quantified using the methodology of Whittaker (1956) . For complete procedure on gradient quantification methodology refer to Dyakov (2012) .
Outlining the coarsest pattern of vegetation
The general picture of the vegetation pattern in the environmental space was outlined with direct gradient analysis using Canonical Correspondence Analysis (CCA) (ter Braak, 1986). Being a method for direct gradient analysis CCA explains the variation in the data on the basis of preliminary chosen environmental gradients (Jongman et al., 1995) . The main advantages of CCA are: 1) the simultaneous ordering of sites and species (if needed), 2) rapid computation, 3) very good performance when species have nonlinear and unimodal relationships to environmental gradients, and 4) robustness to violation of preliminary assumptions (Palmer, 1993) .
Describing the detailed relationship between plant species and environmental gradients
Trying to reveal the detailed relationships between the species distribution and the environmental gradients, we used nonparametric regression and correlation techniques. Because correlated variables were not normally distributed we used nonparametric correlation coefficient of Spearman, Rs (Spearman, 1904) .
The aim of regression analysis is to describe the dependent variable as a function of one or multiple independent ones. Using regression analyses, dependent variables can be predicted (described) with minimal or less statistical error (Jongman et al., 1995) . General Additive Models (GAM) were used as a nonlinear regression method. The aim of GAM models is to maximize the quality of the dependent variable description which may have various distributions. GAM does so by developing unspecified nonparametric functions of the independent variables which are "connected" with the depended variable by link function. Numerous advantages are making GAM usage in current ecological studies an indispensable tool (Franklin, 1998; Thuiller et al., 2003; Yee and Mitchell, 1991) .
As a better method for visual representation of response surfaces, Locally Weighted Regression (LOESS) (Cleveland and Devlin, 1988) was used. It is one of the contemporary modelling techniques intending to overcome some of the drawbacks of the classical ones. LOESS combines the simplicity of the least square methods together with the flexibly of nonlinear regression. This is a procedure for building of regression surfaces by multivariate smoothing. Dependent variable is smoothed in a moving fashion as a function of the independent variables analogous to a moving average time series computation (Cleveland and Devlin, 1988) .
The most parsimonious regression model was selected with the aim of Akaike Information Criterion (AIC). AIC checks the models for goodness-of-fit and parsimony and rejects the very complex ones (Carol et al., 2006) . According to Thuiller et al. (2003) AIC allows the removal of variable redundancy and multicollinearity problems too.
Testing hypotheses
CCA ordination axes were tested for significance with Monte Carlo Permutation test (Jongman et al., 1995) .
The ecological response surfaces of dominant plant species were classified as symmetric, asymmetric and complex (having more than one mode) (Minchin, 1989) . The hypothesis that the ecological response surface distribution does not differ between the growth forms (trees, shrubs and herbs) was tested with ANOVA, Holm-Šídák method (Holm, 1979) .
Using the methodology of Minchin (1989) , mode frequency distribution was examined by calculation of the number of species reaching their maximal mean importance value in the ecological space defined by the elevation and habitat dryness. If the modes are randomly distributed then they should have Poisson distribution. This hypothesis was tested with Chi-squared goodness-of-fit test (Krebs, 1999; Zar, 2010) for the modes of all species and by growth forms. Then, using Kolmogorov-Smirnov goodness-of-fit test (Zar, 2010) , variables for which Poisson distribution hypothesis was rejected, were tested for Negative Binomial distribution, implying clumped pattern. Moreover, we analyzed mode distribution of the "mass" species (Minchin, 1989) or the 25 plant species with maximal importance value. For the species with complex ecological surface, the mode with the greatest value was used.
Mode frequency distribution for all dominant plant species and by growth forms was also tested for lognormal and lograndom distribution using again Kolmogorov (Šmilauer, 1999-2003) .
Results
General picture of plant species/environmental gradient relationship
Generalized picture of the dominant plant species positioning in the abstract ecological space is shown on Figure 1 . Trying to save space and to be clearer, only the 30 most abundant plant species in the studied area -found in all 159 sampling plots -were plotted. Environmental gradients are depicted with arrows. The statistical test of the CCA axes is confirmed at P=0.002 level. We interpret the first two CCA axes as expressions of the elevation gradient (first, horizontal axis, variance explained = 16.2%) and the habitat dryness gradient (second, vertical axis, variance explained = 4.9%) (Fig. 1) . Our interpretation is inferred by the acute angles between the two CCA axes and the arrows of the corresponding environmental gradients. Furthermore, at the two right quadrants of the figure are located plant species occurring mainly at higher elevation habitats, while at the two left ones are positioned species dominating at lower altitude. On the other hand, in the upper parts of the figure are located plant species preferring moister habitats, while the lower parts are occupied by species found in more xeric places. Possible explanation of the opposite direction of the slope inclination and habitat dryness gradient arrows is that moistest habitats tend to occur on the slopes' lower parts where the slope inclination tends to be highest. On the other hand, most xeric habitats are mainly located on the upper parts of the slopes (summits) where the inclination tends to be lowest. It seems that slope inclination and habitat dryness are weakly dependent on the elevation per se but are influenced more strongly by their actual topographic position across the mountainous territory.
From Figure 1 it can be witnessed that the different plant species are dispersed in the four quadrants according to their habitat requirements where the four environmental gradients have prevailing influence. Because most correlations between slope convexity and plant species distribution happened to be not significant ( Table 1) , for now we will concern ourselves mainly with the interpretation of the first three environmental gradients. In the left upper part of Figure 1 are localized species like Acer pseudoplatanus, Fagus sylvatica and Acer campestre. They dominate in relatively moist habitats on steep slopes at middle to low elevation. In the low left quadrant are centered species like Quercus petraea, Pyrus pyraster, Quercus cerris, Crataegus monogyna, Pinus sylvestris, Brachypodium pinnatum and Rosa canina. These species are distributed mainly in more or less xeric habitats at low and middle elevation. On the other hand, species like Carpinus betulus, Sorbus aucuparia and Pinus nigra are localized in the central part of the graph implying that they do not strictly prefer any specific set of environmental conditions and can be found to dominate in variable places at low and middle altitude. The right quadrant is occupied by species dominating at higher elevations. In the upper right part are positioned species like Vaccinium myrtillus, Vaccinium vitis-idaea, Juniperus sibirica and Sesleria comosa occupying more mesic habitats at highest elevation. In the lower right part are localized species like Chamaecytisus ciliatus, Thymus glabrescens, Agrostis capillaris, Chamaespartium sagittale, Trifolium alpestre and Galium verum which dominate in more xeric habitats at greater elevation. Other species, like Cruciata glabra, Luzula luzuloides, Calamagrostis arundinacea, Hypericum perforatum and Rubus idaeus, as already mentioned, tend to occupy the central parts which indicates that they are adapted to wider spectrum of environmental conditions.
Detailed relationships between plant species and environmental gradients
Spearman correlations between the species importance value and local environmental gradients are summarized in Table 1 . 
Plant response surfaces in the context of the local environmental gradients
Detailed analysis of the dominant plant species spatial distribution was done with nonlinear regression where the independent variables were the complex environmental gradients and dependent variable was the species importance value in the sample. Figure 2 shows species response surfaces of the dominant tree species in the context of the four main environmental gradients -elevation, habitat dryness, slope inclination and slope convexity. Isolines show the species importance value. From Figure 2 it can be witnessed that most trees have restricted distribution to a particular set of conditions or parts of the local environmental gradients. For example, species like Pinus nigra, Carpinus betulus, Pyrus pyraster, Acer campestre, Quercus petraea, Q. cerris and Acer pseudoplatanus are found at lower elevation mainly in mesic and submesic habitats. On the other hand, species like Fagus sylvatica, Pinus sylvestris and Sorbus aucuparia occupy broader spectrum of environments and can be found from the most mesic to the most xeric habitats across the whole studied area. Dominant shrub distribution is shown on Figure 3 . Shrub species can be grouped in several groups. The first one includes species dominating at higher elevation in the xeric habitats, such as Chamaespartium sagittale and Chamaecytisus ciliatus. They have their maximum importance centered in the xeric subalpine habitats above 1500 m. The second species shows secondary peak which is located at lower elevation in the open mesic habitats.
The second group of species dominate at higher elevation too, but they are distributed along the whole length of the dryness gradient. These are Genista depressa and Juniperus sibirica. They reach their maxima above 1700 m and Genista depressa is slightly more abundant in the subxeric habitats.
A third group includes two ericoid shrub species, Vaccinium myrtillus and Vaccinium vitis-idaea, which have almost analogous distribution. Their maxima are centered above 1700-1800 m in the submesic and mesic places. Their downward altitudinal limit appears at 1200 m elevation but, exceptionally, Vaccinium myrtillus can also be found in the most mesic habitats below this limit. It is also the more abundant species in the subalpine meadows. http Another group includes species dominating at low elevation in the most xeric habitats, such as Corylus avellana and Rosa canina. Corylus avellana do not ascend above 1200 m or can be found above this elevation only in the most xeric conditions. The second species is found at greater elevation too (at about 1600-1700 m), but it is localized only in the more mesic end of the dryness gradient. http Rubus idaeus has a peculiar distribution. It dominates in the submesic and subxeric habitats at about 1500 m. Away from this distributional center its importance slowly decreases. Above 1800-1900 m it can rarely be found or is totally missing.
Spatial distribution of the dominant herb species in the studied territory is shown on Figure 4 . Similarly to the shrubs, herb species can be grouped into several groups with resembling distribution. In the first group fall species distributed in the xeric habitats at middle to higher elevation. These are Agrostis capillaris, Thymus glabrescens and Galium verum. The three species have maximum importance located in the xeric subalpine habitats (at about 1600-1700 m). With the decreasing elevation their dominance slowly diminishes reaching almost zero in the beech zone (1200-1400 m). However, they can again be found below 1100 m but in the xeric part of dryness gradient and with much lower importance.
Next group includes two species which dominate at higher elevation. These are Sesleria comosa and Calamagrostis arundinacea. The first species reaches its maximum at about 1900-2000 m having no specific environmental requirements or slightly displaced toward the mesic part of dryness gradient. With the elevation decrease, Sesleria comosa slowly loses its importance and below 1200 m it is completely missing. The second herb is centered at about 1700 m in the submesic places. Second, weaker, optimum appears at about 1400 m in the most xeric habitats. It can be found in the beech zone too, but with much less importance.
Another group unifies species with complex distribution like Brachypodium pinnatum, Luzula luzuloides and Cruciata glabra.
The next species with specific distribution is Hypericum perforatum. It reaches its maximum in the middle parts of dryness gradient at about 1550-1600 m. With the elevation increase Hypericum perforatum slowly disappears and above 1900 m it cannot be found. This species shows second weaker peak located at lower elevation in the open xeric meadows and woodlands, distributed on leveled or convex slopes. It is almost missing in the beech dominated zone.
Trifolium alpestre shows similar distributional pattern. It dominates at about 1600 m in the xeric habitats. Moving away towards the xeric places, its distributional zone widens. Moreover, with the elevation increase Trifolium alpestre loses importance, more quickly in the moister habitats. This species can also be found at much lower elevation, about and less than 1000 m, in the most xeric places but with negligible importance. Similarly to the former herb species, most obviously in the mesic part of dryness gradient, the approaching of the beech zone causes its rareness and complete disappearance. Table 2 shows the response surface classification for all 100 analyzed species and grouped by growth form into trees, shrubs and herbs. Figure 5 and Figure 6 show species response curves along the two main complex gradients separately -elevation and habitat dryness. It can be witnessed that, with some minor exceptions, almost none of the dominant plant species shows symmetric response curve. The statistical test of species response surfaces of Table 2 shows that there are no statistical difference between the growth form groups (F=1.297; df=2; P=0.340). Moreover, most response surfaces (76%) had asymmetric form, 20% were with bimodal or complex distribution, and only 4% of the species had symmetric surface ( Table 2) . Table 3 represents the statistical test for random (Poisson) species mode distribution. According to the first test, the herbs and all species taken together, have nonrandom mode distribution along the dryness and elevation gradients. The second test confirmed that they rather have clumped mode distribution. Analyzed separately, tree and shrub species had lograndom distribution but the modes of all species, taken together, had lognormal distribution. Unfortunately, we were not able to fit successively any of the suspected mode distributions to herb species alone -they had neither lograndom nor lognormal mode distribution.
Response surface shape
Species mode distribution
Discussion
Species response surface/curve shape
The hypothesis that species response curve/surface along the environmental gradients takes symmetric (Gaussian) shape has been revised. The species response curves were plotted along the two main gradients separately. Based on our results ( Table 2 ) we confirmed that almost all plant species have asymmetric or complex response surfaces/curves, which leads us to reject the Gauch and Whittaker (1972) hypothesis that species curves along environmental gradients are mainly symmetric (Gaussian). Austin (1976) analyzed published by that time species response curves including the classical studies of R. H. Whittaker (Whittaker, 1956; Whittaker, 1960) . He has found that asymmetrical and complex curves are much more frequent. According to another study (Austin, 1987) , response curves of eucalypts that have been analyzed along the mean annual temperature gradient were mainly asymmetrical. Minchin (1989) Similar results were reported in other contemporary studies (Austin, 1999; Austin, 2002; Austin, 2007) . Greig-Smith (1983) commented that there is not theoretical basis for the expectation of symmetric curves because the species physiological response to the environmental gradients is basically asymmetric. Therefore, there is not obvious reason that the relationship between plant species should lead to symmetric curves or surfaces (Austin, 1980) . However, Palmer (1993) comments that, despite some exceptions, Gaussian model of mode distribution is applicable for most ecological studies. For him, Gaussian functions are attractive because they are controlled by small number of parameters, leading to elegant demonstrations of preliminary stated hypotheses and useful simplifications. Minchin (1989) comments that the basic issue in studying species curves comes from the choice of variables expressing environmental gradients. Most environmental gradients are complex (Whittaker, 1967) , i.e. they include variation of multiple variables but only few of them influence directly the plant species. Elevation, on its own, do not have direct effect on plants but we use it in our study, as well as numerous previous investigations, as an index of position (Minchin, 1989 ) along the complex gradient. Direct variables have their different aspects of air temperature, soil conditions, wind disturbances, snow cover endurance, etc. along the complex gradients. Moreover, the elevation can be measured comparatively easy and, most importantly, it has strong rank correlation with the direct gradients in a restricted geographic area (Minchin, 1989) . Habitat dryness index, which we have used, is also complex gradient expressing the variability of soil moisture regime (moisture availability during the driest period, waterlogging period, etc.) and other soil variables like rock outcrops, humus layer depth etc. (Minchin, 1989) .
Well known weakness in species curve and surface investigation is that often important environmental gradient are neglected or missed in the ecological studies. Complex surfaces can be result from uneven sample distribution along the important environmental gradients (Austin et al., 1984; Minchin, 1989) . Another reason for obtaining complex surfaces instead of symmetric ones can be the different scale of observation or sampling strategy. For example, our study covers 118 km 2 with fairly intensive sampling design (159 samples), compared to some previous studies covering much greater territories with relatively smaller sample number (Whittaker, 1956; Whittaker, 1960; Whittaker and Niering, 1965) . Most previous studies analyzed the species curves along one or two complex gradients. Our choice of environmental gradients is based on a preliminary indirect gradient analysis where the greatest part of data variation was explained by few complex gradients. The different number of environmental gradients used simultaneously could also be the cause of complex and asymmetric curves and surfaces.
We showed that the plant species from different growth forms can have distinct responses towards the environmental gradients. We also found differences in the response surface shape between the growth forms. Minchin (1989) claims that the vegetation pattern can be visualized by summing distributional pattern of different growth forms. However, we prefer detailed division, for example, by plant functional types or growth forms, which allows more in-depth analyses.
Based on our results, for a future studies of species spatial distribution, we recommend the use of several environmental gradients instead of one or two. If possible, sampling designs should be intensive with, for example, at least 300 samples http://www.aloki.hu • 
Species mode distribution
We have tested several hypotheses concerning species mode distribution in the environmental space. The first one claimed that minor species modes are dispers ed along the gradients randomly and the dominant species modes are uniformly distributed (Gauch and Whittaker, 1972) . Our test of the tree, shrub and mass species mode distribution contradicts the tested hypothesis that minor species modes are distributed along the complex gradients randomly as well as the hypothesis of Gauch and Whittaker (1972) that dominant species are dispersed uniformly. So, the two hypothesis were rejected.
Another set of propositions stated that when species modes are grouped in octaves (classes) along environmental gradients the number of species in the classes is: 1) equal, implying lograndom distribution, 2) uneven, suggesting lognormal distribution, or 3) modes are clumped, having negative binomial distribution. We confirmed the lograndom distribution for tree and shrub species, but rejected the first two hypothesis for herbs -they had clumped distribution. Confirming the lograndom distribution of trees leads us to accept the Gauch and Whittaker (1972) proposition that tree species are equally distributed along the environmental gradients. Nevertheless, we confirmed the hypothesis that "large number of forest herbs and shrubs" have lognormal mode distribution ( Table 4 , last two rows).
The theory of ecological niche assumes that each species has its fundamental niche along any environmental gradient. In the presence of strong competitors, however, plant species become restricted to their realized niche (species ecological response toward the environment). Species realized niche may not match its fundamental one (its physiological response toward the environment) which is caused by the presence of stronger competitor (Mueller-Dombois and Ellenberg, 1974) . This phenomenon was known and have been shown previously (Austin, 2005) . In our case, herb species clumped distribution by no means can be attributed to species association, but contrary, it can result from the similar physiological requirements of the outcompeted plant species. The intricate interaction between plant physiological requirements and interspecific competition, which could be incorporated in the statistical modelling for better results (Austin, 2002) , leads to the complex responses that we have obtained. Ellenberg and Strutt (2009) determine the species-specific physiological conditions and competition as primary organizing factors for the emergent vegetation pattern too. Minchin (1989) claims that the hypotheses of Gauch and Whittaker (1972) for mode distribution are rather simplistic and can be very different in the various growth forms and not always in agreement with the lognormal or lograndom distribution. We have tested some of the hypotheses concerning vegetation pattern but to solidify a new theory for vegetation organization, understanding of the processes shaping the vegetation appearance is needed (Minchin, 1989 ). This could be achieved only by experiments (Shipley and Keddy, 1987) . However, until a clearer picture of vegetation pattern has not emerged, there is a real risk of spending resources for experiments, leading to discoveries of non-existing vegetation phenomena (Minchin, 1989) .
Analyzing the limiting ecological factors to plant species along the soil water table gradient, Shipley and Keddy (1987) theories. Their results gave them reason to reject both theories. The dichotomy continuum-community should be abandoned and replaced by other working hypotheses trying to explain vegetation pattern (Shipley and Keddy, 1987) . According to Austin (2005) , a series of hypotheses show that the differences between community and continuum concepts are rather insignificant and that their distinction would require detailed data and strict statistical methods. On the basis of our results, however, we conclude that species do not form associations (despite the herb species clumped distribution) which is obvious from the random tree and shrub distribution along gradients. On the contrary, it seems that each species has its own response shape towards the environment, determined by its physiology, interaction with other species (Pellissier et al., 2010) and historical events (White, 1979) . Therefore, there is no two species with matching distribution along the environmental gradients.
Conclusions
In summary, we conclude that plant species rarely form symmetric surfaces/curves along environmental gradients but, rather, they are almost always asymmetric or complex. Mode distribution of dominant tree and shrub species is random but that of herbs follows clumped pattern. When species mode distribution is divided into octaves, trees and shrubs show lograndom distribution but all species together have lognormal one. Herbs, analyzed separately, do not conform to neither lognormal nor lograndom distributional patter. We hope that the current study will add a little drop to the vast ocean of vegetation ecology knowledge helping with the clarification of the basic understanding of the vegetation pattern, where after, with the help of experimental researches, it can be proceeded to deeper understanding of vegetation processes.
